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{57] ABSTRACT 
A control circuit controls a hardware portion based on 
a microprogram set by a host CPU. Microinstructions 
constituting the microprogram comprise an instruction 
for setting an initial value of an address counter for 
reading microprogram as well as an instruction for 
controlling the hardware portion. The initial value set 
ting instruction comprises an initial value setting in 
struction which uses the state of a ?ag register, which is 
set dependent on a change of state generated from the 
arithmetic processing in the hardware portion, as a 
condition. Therefore, the flow of reading of the micro 
program can be changed corresponding to the change 
of the state generated by the arithmetic processing in 
the hardware portion. 

2 Claims, 11 Drawing Sheets 
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DIGITAL IMAGE PROCESSING APPARATUS 

This application is a continuation of application Ser. 
No. 07/249,335, ?led Sep. 26, 1988, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a digital image pro 

cessing apparatus and, more speci?cally, it relates to a 
digital image processing apparatus arithmetically pro 
cessing original image data to enable image data con 
verting processes such as gradation correction, sharpen 
ing of image quality, and processes such as feature ex 
traction from the image data. 

2. Description of the Prior Art 
A digital image processing apparatus comprises an 

image input circuit for inputting image data, an image 
output circuit for outputting image data, an image mem 
ory storing image data, and a hardware portion such as 
processing circuits for carrying out arithmetic processes 
on image data in order to realize desired image process‘ 
ing function, and the circuits included in the hardware 
portion must be set up at a prescribed operation state. In 
order to carry out different image processing functions 
successively, the setting of the operation states must be 
updated successively. Although the setting and updat 
ing of operation states are well controlled by the soft 
ware processing, the proportion of the software con 
trolling the hardware to the entire software for image 
processing becomes large, causing disadvantages such 
that the program becomes large, the program largely 
depends on the hardware, and so on. In addition, since 
program fetching is required in controlling hardware, 
high speed control of the hardware portion becomes 
difficult, and the control in synchronization with the 
operation timing characteristic of the hardware is diffi 
cult. In view of the. foregoing, a control circuit for 
controlling the hardware portion has been provided 
between the host CPU governing the software process 
ing and the hardware portion realizing actual image 
processing in the conventional image processing appa 
ratus, wherein information for controlling each hard 
ware portion is micro-programmed in the control cir 
cuit, the microprogram is stored in a microprogram 
memory, and when a microprogram is read in accor 
dance with a processing request from the host CPU, 
necessary hardware control is carried out to realize a 
prescribed image processing function. According to this 
method, the hardware control portion included in the 
software of the host CPU is considerably reduced, the 
hardware dependency of the software can be decreased, 
and the hardware can be controlled at high speed. The 
control operation in synchronization with the operation 
timing of the hardware becomes possible by carrying 
out the reading of microprogram during that period in 
the operation cycle of the hardware in which image 
data are not treated. 

Prior to the present invention, we have proposed a 
control method utilizing a microprogram which enables 
control in synchronization with the operation timing of 
the hardware, as described above. We have listed vari 
ous micro instructions for controlling the reading flow 
of the microprogram as well as the effects U.S. Ser. No. 
089,558 (filed on Aug. 26, 1987). More detailed descrip 
tion will be given in the following with reference to the 
figures. 

pa 

2 
FIG. 1 is a block diagram showing one example of the 

structure of a previously proposed digital image pro 
cessing apparatus utilizing microprogram system. In the 
?gure, the digital image processing apparatus comprises 
a host CPU 1, a control circuit 2, an image input circuit 
3, an image memory 4, a processing circuit 5, an image 
output circuit 6, a host CPU bus 7 which is used by the 
host CPU 1 to access hardware in the memory space of 
itself, a control bus 8 which is used by the control cir 
cuit 2 to apply micro instructions to each of the circuits 
3 ~6, and an image data bus 9 for transferring image 

' data between each of the circuits 3~6 at high speed. 
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The main role of the host CPU is to interpret the 
commands applied by an operator, to control the hard 
ware in accordance with an algorithm governing the 
flow of the whole processing circuits, and so on. Some 
times, it directly accesses the image memory 4 to exe 
cute, by software processing, the function which can 
not be realized by the processing circuit 5, accesses the 
processing circuit 5 to initialize a table memory and the 
like therein, and so on. The basic arithmetic processes 
are effected by the processing circuit 5 on image data on 
the image data bus 9. The image data to be processed 
are provided from the image input circuit 3, the image 
memory 4, and so on. The results of processing are 
outputted onto the image data bus 9 to be written in the 
image memory 4, or to be inputted to the image output 
circuit 6_. When a hardware processing should be done 
utilizing the processing circuit 5 and the image data bus 
9, the control operation such as designation of an image 
output device to the image data bus 9 and of the image 
input device from the image data bus 9, setting of the 
function of the processing circuit 5, and so on must be 
done prior to the processing. 
The control circuit 2 comprises a microprogram 

memory therein, and outputs necessary microprogram 
on the microprogram memory to the control bus 8 at a 
prescribed timing in accordance with a processing re 
quest from the host CPU 1. Various micro instructions 
for designating image output device, for designating 
image input device, for setting the function of the pro 
cessing circuit 5, and so on are included in the read 
micro program. Each of the circuits to be controlled 
decodes the micro instruction for the circuit, and is set 
at a desired state prior to the processing state. 
FIG. 2 shows an example of the structure of the con 

trol circuit 2 shown in FIG. 1. 
A microprogram memory 20 stores microprogram. 
An address counter 21 generates a read address to be 

applied to the microprogram memory 20. 
An address selector 22 selects either a read address 

outputted from the address counter 21 or a write ad 
dress which is provided by the host CPU 1 in setting 
microprogram to the microprogram memory 20. 
An end detection flag 23 detects the end of reading of 

the microprogram. _ 

A host CPU command decoder 24 decodes various 
commands applied from the host CPU 1 to the control 
circuit 2 through the host CPU bus 7A. 
A micro instruction decoder 25 decodes micro in 

structions for controlling reading of the microprogram. 
An address count permitting signal generating circuit 

26 controls permission/non-permission of counting op 
eration of the counter 21. 
A timing signal generating circuit 27 generates timing 

signals for realizing reading of the microprogram in 
synchronization with the operation timing of the circuit 
controlled. 
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A ?ag register 28 is set by the host CPU 1 with the 
output being one of the jump conditions of a conditional 
jump instruction. ' . 

A frame counter 29 is used in a loop counter and the 
like, with the state of the counter being one of the jump 
conditions. 
The micro instruction read from the microprogram 

memory 20 comprises an address portion A and a data 
portion D. A data buffer DBO informs the host CPU 1 
through the host CPU bus 7D of the state of the end 
detection ?ag 23. Data buffers ABl and DB1 provides 
write data when the host CPU 1 sets microprogram in 
the microprogram memory 20, data buffers A132 and 
DB2 transmit the address portion A and the data por 
tion D of the micro instruction read from the micropro 
gram memory 20 to the control bus 8 (8A and 8D). 
The host CPU command decoder 24 provides six 

decode output Hl-I-I6. The decode output H1 is a flag 
set command of the ?ag register 28. The decode outputs 
H2 and H3 are commands both applied to the address 
count permitting signal generating circuit 26, H2 is a 
start command and H3 is an end command. The decode 
output H4 is a clear command for clearing the count 
value of the address counter 21. The decode output H5 
is an end check command for reading the state of the 
end detection ?ag 23. The decode output H6 is an end 
detection ?ag reset command for resetting the end de 
tection ?ag. 
A timing signal generating circuit 27 generates two 

timing signals. The timing signal T1 is utilized by the 
address count permitting signal generating circuit 26 to 
de?ne the period in which the micro instruction can be 
transmitted. The timing signal T2 is a clock signal for 
counting of the address counter 21. 
The micro instruction decoder 25 provides ?xed de 

code outputs M1~M6. The decode output M1 corre 
sponds to the count down instruction of the frame 
counter 29; the decode output M2 corresponds to an 
initial value load instruction of the flag counter 29; the 
decode output M3 corresponds to a reset instruction of 
the flag register 28; the decode output M4 corresponds 
to a read interruption instruction (EOFR instruction) 
which interrupts the reading of the microprogram until 
the start of the next frame; the decode output M5 corre 
sponds to a read end instruction (EXIT instruction) 
which ends the reading of the microprogram; and the 
decode output M6 corresponds to a jump instruction, 
respectively. The decode output M5 sets the end detec 
tion ?ag 23. 
The output J1 of the frame counter 29 and the output 

J2 of the flag register 28 are used as jump condition for 
decoding the conditional jump instruction. The output 
J1 becomes active when the count value of the frame 
counter 29 is 0, while the output J2 becomes active 
when the flag register 28 is set. 
The operation of the controlling circuit 2 shown in 

FIG. 2 will be described in the following with speci?c 
examples. 

EXAMPLE 1 

FIG. 3 shows the relation of connection between 
each of the circuits in executing an arithmetic process 
ing in accordance with the order of the process. FIG. 
3(a) shows the processing states in the ?rst frame, FIG. 
3(b) shows the processing states in the second frame and 
FIG. 3(0) shows the processing states in the third and 
following frames. 

15 

4 
In the ?rst frame, the output data of two planes of 

image memories 40 and 4b are read to the image data 
buses 9a and 9b; the image data on the image data buses 
90 and 9b are outputted to the processing circuit 5; the 
results of an addition processing, for example, in the 
processing circuit 5 are outputted to the image data bus 
9c; and the image data on the image data bus 9c are 
written in the image memory 4c. 

In the second frame, the output data from the image 
memory 4c, in which the results of operation of the last 
frame are stored, are read on the image data bus 911; the 
image data on the image data bus 9a are inputted to the 
processing circuit 5; the results of luminance inverting 
processing, for example, in the processing circuit 5 are 
outputted on the image data bus 9b; and the image data 
on the image data bus 9b are written in the image mem 
ory 4a. 

Finally, in the third frame, the output data of the 
image memory 4a, in which the final results of process 
ing are stored, are read to the image data bus 9a; the 
image data on the image data bus 90 are inputted to the 
image output circuit 6 to be externally outputted. In the 
image output circuit 6, the input data are D/A con 
verted to analog video signals to be displayed on an 
external display apparatus (not shown) and the like, for 

_ example. 
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In the following frames after the fourth frame, the 
state of the third frame is maintained, and the image 
display is continued. The flow of the above processes is 
represented by a microprogram such as the following 
list (I). 

ML 
ADDRESS MICRO INSTRUCTION 

0 OUT 4a —> 9a 
1 OUT 4b -> 9b 
2 IN? 9a, 9b —> 5 
3 OUT 5 —> 9c 
4 SET 5, ADD 
5 INF 9c —> 4c 
6 EOFR 
7 IMRC 
8 OUT 4c —> 9a 
9 INP 9a -> 5 
l0 SET 5, INV 
ll OUT 5 -> 9b 
12 IN? 9b -> 4a 
13 EOFR 
l4 IMRC 
15 OUT 45 --> 9a 
16 IN? 9a —> 6 
l7 SET 6, DISPLAY 
l8 EXIT 

In this example, the micro instructions are of mne 
monic representation so that the functions thereof are 
easy understood. Actually, the micro instructions com 
prises an address portion for designating the circuit to 
be controlled, designating the register in the circuit to 
be controlled, or designating the instruction to the con 
trol circuit itself, and a data portion indicating parame 
ters characteristic of each of the micro instructions. 
Referring to the list (I), OUT is a micro instruction by 
which the image output device designates a data bus on 
which the data are outputted. INP is a micro instruction 
by which the image input device designates a data bus 
from which the data are inputted. SET is a micro in 
struction for setting the states of the processing circuit 5 
and of the image output circuit 6. IMRC is a micro 
instruction for initializing the image memory 4 and the 
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processing circuit 5 at a non-operating state in which 
there is no input/output of image data. EFOR is a micro 
instruction which interrupts the reading of the micro 
instruction until the start of the next frame. EXIT is a 
micro instruction which ends the reading of the micro 
instruction to set the end detection ?ag 23. SET 5, 
ADD is a micro instruction for setting the processing 
circuit 5 at an addition processing state; SET 5, INV is 
a micro instruction to set the processing circuit 5 in a 
luminance inverting state; and SET 6, DISPLAY is a 
micro instruction for setting the image output circuit 6 
at an image display state. 
The processing is started with the host CPU loading 

the said microprogram to the microprogram memory 20 
in the control circuit 2. The microprogram may be set in 
advance. Thereafter, the host CPU 1 applies an address 
counter clear request to the control circuit 2. In the 
control circuit 2, the address counter clear request is 
decoded by the host CPU command decoder 24, with 
the decode signal H4 applied to the address counter 21, 
thereby clearing the address counter 21. Then, the host 
CPU 1 applies a microprogram read start request to the 
control circuit 2. In the control circuit 2, the read start 
request is decoded by the host CPU command decoder 
24. As a result, the decode signal H2 becomes active and 
informs the address count permitting signal generating 
circuit 26 of the generation of the read start request of 
the microprogram. The address count permitting signal 
generating circuit 26 enters the address counting state in 
accordance with the start command (decode signal H2), 
the start 'of the next new frame is detected by the rise of 
the timing signal T1, and the address count permitting 
signal is rendered active. Consequently, the counting 
operation of the address counter 21 is permitted, 
whereby the counter 21 successively counts the address 
from the address 0 using the timing signal T2 as the 
count clock. 
When the microprogram of the list(l) is read, the 

micro instructions are outputted on the control bus 8 
starting from the address 0 in order, and prescribed set 
operations are carried out. When the address counter 21 
reaches the address 6, there appears the EOFR instruc 
tion, whereby the micro instruction decoder 25 in the 
control circuit 2 generates a decode signal M4. Upon 
reception of the decode signal M4, the address count 
permitting signal generating circuit 26 renders the ad 
dress count permitting signal inactive and interrupts the 
counting operation of the address counter 21 at the 
address 7 until it is informed of the start of the next 
frame by the timing signal T1. By the reading of the 
micro instructions heretofor, the circuit to be controlled 
is set at the state of FIG. 3(a), and this state is main 
tained for the 1 frame. Read addresses and write ad 
dresses are applied from a separately provided address 
counter to the image memories 40, 4b and 4c, whereby 
the access to the whole area of the image memories 40, 
4b and 4c are completed in frame, effecting the desired 
processing. 
When the timing signal T1 rises and the address 

counter 21 starts the address count again, the micro 
instruction from the address 7 is read and the reading is 
again interrupted by the EOFR instruction at the ad 
dress 13. By the reading of the micro instructions here 

’ tofor, the circuit to be controlled is set at the state of 
FIG. 3(b) and this state is maintained for the 1 frame. 
At the next rise of the timing signal T1, the micro 

instruction is read from the address 14. When the EXIT 
instruction is read at the address 18, the micro instruc 

In. 
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6 
tion decoder 25 generates a decode signal M5. Upon 
reception of the decode signal M5, the address count 
permitting signal generating circuit 26 renders inactive 
the address count permitting signal to stop the address 
counting and, at the same time, it exits the address 
counting state. Therefore, even when the timing signal 
T1 rises again in the next frame, it does not render the 
address count permitting signal active. By the reading 
of the micro instructions heretofor, the circuit to be 
controlled is set in the state of FIG. 3(0) and this state 
will be maintained thereafter. 7 

In this manner, by separately providing a micro in 
struction (EOFR instruction) interrupting the reading 
of the micro instructions in a frame and a micro instruc 
tion (EXIT instruction) ending the reading of the micro 
instructions, processes over a plurality of frames can be 
described by one microprogram, whereby the extra 
time required for inter-frame control can be eliminated. 

EXAMPLE 2 

In the example shown in FIG. 3 and in the list(l), the 
reading of the microprogram is interrupted. However, 
there is neither a branch nor a loop. In the following, an 
example including a loop in accordance with a condi 
tional jump instruction and a loop exit command con 
trolled by the host CPU 1 will be described with refer 
ence to FIG. 4 and a list (II). 
FIG. 4 shows the relation of connection between 

each of the circuits when executing an arithmetic pro 
cessing, in accordance with the order of the process. 
FIG. 4(a) shows a state in which the image data pro 
vided from the outside of the apparatus are successively 
inputted to the processing circuit 5 by the image input 
circuit 3 to be processed, the results are written in the 
image memory 4 and simultaneously, the results are 
inputted to the image output circuit 6 to be displayed. In 
this example, the state of FIG. 4(a) is continuously 
repeated until the flag register 28 is set by the host CPU 
1. When the ?ag register 28 is set, the ?ow proceeds to 
the state of FIG. 4(b) in which the image data ?xed in 
the image memory 4 are displayed. The list (II) is a 
microprogram for executing the process shown in FIG. 

__._I;I§I_QL 
ADDRESS MICRO INSTRUCTION 

0 OUT 3 —> 9a 
1 IN? 911 —> 5 
2 OUT 5 -> 9b 
3 SET 5. GAM, 
4 INP 9b —v 4 
5 INF 9b -> 6 
6 SET 6, DISPLAY 
7 EJOFR 
8 JPC FLG, l0 
9 IMP 7 
l0 IMRC 
l l RST FLG 
12 OUT 4 —> 9a 
13 INP 9a —» 6 
l4 SET 6, DISPLAY 
l5 EXIT 

In the above program, J PC FLG, 10 of the address 8 
is a conditional jump instruction with the state of the 
flag register 28 being the jump condition. If the flag 
register 28 is set, the flow jumps to the address 10 and if 
the ?ag register 28 is not set, it proceeds to the next 
address 9. JMP at the address 9 is a non-conditional 
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jump instruction. When this instruction is executed, the 
address jumps to 7. When these jump instructions are 
executed, more speci?cally, when the non-conditional 
jump instruction is executed, the address portion A of 
the microinstruction is decoded by the microinstruction 
decoder 25, and when the conditional jump instruction 
is executed, the address portion A of the microinstruc 
tion is decoded together with the jump conditions such 
as J1 and J2, whereby the decode signal M6 is gener 
ated. Consequently, the address counter 21 is set at the 
initial value set state, and the data portion D of the 
microinstruction indicating the jump address is applied 
to the initial value input of the address counter 21. As a 
result, the output of the address counter 21 is replaced 
by the address of the destination of jumping. RST FLG 
at the address 11 is a reset instruction of the flag register 
28. By this instruction, the decode output M3 of the 
microinstruction decoder 25 is generated to reset the 
flag register 28. SET 5, GAM at the address 3 is a mi 
croinstruction for setting the processing circuit 5 at a 
non-linear gradation correcting process state. 
When the microprogram of the list (II) is read start 

ing from the address 0 in accordance with the command 
of the host CPU 1, the flow is set in the state of the FIG. 
4(a) by the microinstructions to the address 7, and 
thereafter, it enters the loop from the address 7 to 9 in 
the succeeding frames. The operator monitors the pro 
cessed image, which is continuously changed in accor 
dance with the input image, through the output of the 
image output circuit 6. When the operator determines 
to ?nish the process, he may set the ?ag register 28 
through the host CPU 1. Consequently, the micropro 
gram in the loop jumps to the address 10 to exit the 
loop, since the jump condition is satis?ed at the address 
8. When the instruction is read from the address follow 
ing the address 10, the program proceeds to the state 
shown in FIG. 4(b) and the reading of the micropro 
gram is ?nished at the address 15. 
As described above, by providing a conditional jump 

instruction (J PC FLG) with the state of the flag register 
28 which can be set from the host CPU being the condi 
tion, the exit command from an endless loop processing 
can be made possible by the control of the host CPU 1. 

EXAMPLE 3 

Finally, an example is shown in which a frame 
counter 29 is utilized for controlling the reading of the 
microprogram. FIG. 5 shows the relation of connection 
between each of the circuits in this case. FIG. 5(a) 
shows a state in which the reading of image data from 
the image input circuit 3 to the image memory 4, the 
reading of the image data existed in the image memory 
4 before writing and the image display through the 
image output circuit 6 are simultaneously carried out. 
FIG. 5(b) shows a state in which the image data written 
in the state of FIG. 5(a) are outputted from the image 
memory 4 and displayed through the image output 
circuit 6. 

LIST jIIIZ 
ADDRESS MICRO INSTRUCTION 

0 LD FCI 29 

3 OUT 4 -> 9b 

5 SET 6, DISPLAY 
6 EOFR 

0 

m 5 

45 
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-continued 
LIST IIl 

ADDRESS MICRO INSTRUCTION 

7 IMRC 
8 OUT 4 -> 9a 
9 IN? 9a -. 6 
10 SET 6. DISPLAY 
11 JPC FC, 0 
12 DOWN. FC 
13 EOFR ' 

14 MP 11 

In the microprogram shown in the list (III), the state of 
FIG. 5(a) is executed for 1 frame, and the state of FIG. 
5(b) is executed for 29 frames, and thereafter the states 
of FIGS. 5(a) and (b) are automatically repeated. 
Namely, the new image input is carried out in the 30 
frame period, and the same image data is continuously 
displayed from the image input to the next image input. 
When 1 frame comprises l/30sec as in a general case, an 
intermittent display can be realized by this processing in 
which the images to be displayed vary every second. In 
the program, LD FC, 29 at the address 0 is a microin 
struction setting an initial value 29 in the frame counter 
29; DOWN.FC at the address 12 is a microinstruction 
counting down the frame counter 29 by l; and J PC PC, 
0 at the address 11 is a conditional jump instruction in 
which the count value of the frame counter 29 being 0 
is a jump condition. 
When the microprogram of the list(III) is read start 

ing from the address 0 in accordance with the command 
from the host CPU 1, it is set in the state of FIG. 5(a) 
until the address 6, and it is set in the state of FIG. 5(b) 
in the next frame in accordance with the microinstruc 
tions from the address 7 to the address 13. It should be 
noted that the value of the frame counter 29 is counted 
down by one to be 28. In the succeeding frame, it enters 
the loop from the address 11 to the address 14 in accor 
dance with the jump instruction at the address 14. The 
frame counter 29 is continuously counted down at 
every frame in the loop also. When the value of the 
frame counter 29 becomes 0, the jump condition of the 
conditional jump instruction at the address 11 is satis 
tied, and the ?ow jumps to the address 0 to return to the 
state of FIG. 5(a). The state of FIG. 5(b) is continued 
for 29 frames. Since the initial value 29 is again set in the 
frame counter 29 at the address 0, the above described 
operation is endlessly repeated. The escape from the 
endless loop can only be realized by the end command 
from the host CPU 1. When the end command is ap 
plied to the host CPU command decoder 24, the decode 
signal H3 is generated to force the address count per 
mitting signal generating circuit 26 in address count 
state to exit the address count state, whereby the ad 
dress counter 21 stops and the transmission of the mi 
croinstructions is stopped. 

In this example, the processing circuit 5 is not utilized 
in order to simplify the description of the operation of 
the frame counter 29. By using the frame counter 29 
together with the processing circuit 5, the interval be 
tween processes and the time of processes of the pro 
cessing circuit 5 can be controlled by the micropro 
gram. As described above, by providing a frame 
counter 29 which can carry out the counting operation 
and which can be initialized in accordance with the 
microinstruction, and by providing the conditional 
jump instruction (J PC PC) with the count value of the 
frame counter 29 being the condition, the software pro 
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cessing of the host CPU 1 can be eliminated even in the 
loop processing in which the numbers are designated. 
The control method by the control circuit 2 of FIG. 

2 has been described with three examples. It is shown 
that the control operation in synchronization with the 
operation timing of the hardware can be carried out 
even in a process over a plurality of frames, that the 
escape from the loop can be done by the control from 
the host CPU 1, and that the escape from the loop can 
be carried out utilizing an internal frame counter 29. 
By providing various microinstructions for reading 

microprogram, the software processing by the host 
CPU can be suppressed as small as possible. When the 
circuits to be controlled by the microinstructions oper 
ate passively, the above described control method is 
satisfactory. However, if the flow of reading the micro 
program should be changed using the numerals and 
states resulting from the operation of the circuits to be 
controlled, the host CPU must check the result of oper 
ation and starts a new must check the result of operation 
and starts a new different microprogram. Namely, in 
the prior art, the state obtained from the circuit which is 
controlled in 1 microprogram can not be utilized as the 
jump condition for the conditional jump instruction. 

For example, let us consider a case in which an input 
image is compared with a reference image in the image - 
memory 4, a portion of the image which is largely dif 
ferent from the reference image is regarded as a defec 
tive portion, and the area of the defective portion is 
evaluated to change the ?ow of processing. In the prior 
art, even if the area of the defective portion can be 
calculated in the processing circuit 5, the area value can 
not be evaluated in the control circuit 2. In addition, the 
reading of the microprogram can not be controlled in 
accordance with the result of the evaluation. Therefore, 
when the area of the defective portion is calculated by 
the processing circuit 5, the control is temporality re 
ferred to the host CPU 1, the host CPU 1 evaluates the 
area value, and whether the same microprogram should 
be executed or another microprogram should be carried 
out is determined according to the result of evaluation. 
This operation comprises two disadvantages, namely, 
the real time processing on successively inputted image 
data is not possible; and the control by the host CPU 
and the control by the microprogram are mixed in a 
series of control operation, making troublesome the 
control flow. The former disadvantage is fatal in some 
cases. 

Let us consider a case in which an image to be pro 
cessed is processed repeatedly, the image changes as the 
process proceeds, and the change is stopped when the 
process is completed. In such processing, the host CPU 
1 must determine the completed state in some way to 
stop the reading of the microprogram in order to ?nish 

_ the process. On this occasion, the end determining oper 
ation of the host CPU 1 and the read stop request of the 
microprogram are not in synchronization with the oper 
ation timing of the hardware. Therefore, there is always 
a delay between the actual end and the stop of reading 
of the microprogram. When a real time processing is 
required, this delay becomes a problem. When the pro 
cess should be stopped at a state during the change of 
the image and not at the end of the process with the 
change of the image stopped, the delay caused by the 
existence of the software'processing by the host CPU 1 
generates a necessary change on the image to be pro 
cessed. 
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SUMMARY OF THE INVENTION 

The present invention was made to solve the above 
described problems and its object is to provide a digital 
image processing apparatus in which the flow of read 
ing microprogram can be changed with the information 
resulting from the process being the condition. 

Brie?y stated, the present invention is an image pro 
cessing apparatus comprising at least a hardware por 
tion carrying out input/output, storing and arithmeti 
cally processing images, and a control portion control 
ling the'hardware portion. The said control portion 
comprises a microprogram memory storing a micropro 
gram constituted by microinstructions of a plurality of 
steps; an address counter applying a read address to the 
microprogram memory; a host CPU setting the micro 
program, setting initial value of the address counter, 
and requesting count start; a microinstruction decoder 
for decoding microinstructions read from the micropro 
gram memory; and a ?ag register which is set depen 
dent on the change of states generated from the arith 
metic processing in the hardware portion. The microin 
struction comprises at least an instruction for control 
ling the hardware portion and an instruction for setting 
the initial value of the address counter. The initial value 
setting instruction comprises an instruction for setting 
the initial value of the address counter with the state of 
the ?ag register being the condition thereof. 
The function of the present invention will be de 

scribed in detail with reference to FIG. 1. A micropro 
gram constituted by microinstructions of a plurality of 
steps is stored ‘in the microprogram memory 20. The 
microprogram is set by the host CPU 1 in the micropro 
gram memory 20. The host CPU 1 sets the initial value 
in the address counter 21 and requests count start of the 
address counter 21. When the address counter 21 is 
incremented from the initial value, the microprogram 
stored in the microprogram memory is successively 
read starting from the address of the initial value. Re 
spective microinstructions constituting the read micro 
program are decoded in the microinstruction decoder 
25. The microinstruction comprises instructions for 
controlling the hardware portion for effecting input 
/output, storing and arithmetically processing the im 
ages, and the instructions for controlling are applied to 
the hardware portion to set or update the operating 
state. The microinstruction comprises an initial value 
setting instruction of the address counter 21. When this 
instruction is read, the address counter 21 is succes 
sively incremented from the newly set initial value, and 
the microprogram stored in the microprogram memory 
20 is successively read starting from the new address. 
The initial value setting instruction comprises an initial 
value setting instruction with the state of the ?ag regis 
ter 280 being the condition, wherein the state of the flag 
register 28a is set dependent on ‘the change of the state 
generated by the arithmetic processing in the hardware 
portion. 'When this instruction is read, a new initial 
value is set in the address counter 21 when the ?ag 
register 28a is in a prescribed state. Otherwise, the ad 
dress counter 21 is incremented directly. Therefore, the 
?ow of reading the microprogram from the micropro 
gram memory 20 can be changed dependent on the 
change of the state generated by the arithmetical pro 
cessing in the hardware portion. 

Since the present invention functions as described 
above, ,the processing can be stopped without delay 
automatically when the end condition is satisfied, so 
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that there is no need of the host CPU monitoring the 
hardware portion when a repeating operation is re 
quired, for example. In addition, ‘the automatically 
switching operation of the processes having different 
parameters dependent on the result of processing can be 
effected without using the host CPU, whereby the flow 
of control can be made simple and the possibility of real 
time processing for the successively inputted image data 
can be increased. 
The foregoing and other objects, features, aspects 

and advantages of the present invention will become 
more apparent from the following detailed description 
of the present invention when taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a whole structure 
of a previously proposed digital image processing appa 
ratus; 
FIG. 2 is a block diagram showing a structure of a 

control circuit employed in the digital image processing 
apparatus of FIG. 1; 
FIGS. 3 to 5 show variations of processes carried out 

by the digital image processing apparatus shown in 
FIG. 1; 
FIG. 6 is a block diagram showing an example of the 

structure of the control circuit employed in the digital 
image processing apparatus in accordance with the 
present invention; 

FIG. 7 shows the structure of an area counter em 
ployed in one example of the present invention; 
FIG. 8 illustrates the state in which the image to be 

processed is inputted to the digital image processing 
apparatus in accordance with one embodiment of the 
present invention; 
FIG. 9 shows one example of an input image obtained 

from the structure of FIG. 8; 
FIG. 10 is a block diagram illustrating the image data 

processing by the digital image processing apparatus in 
accordance with one embodiment of the present inven 
tion; 
FIG. 11 shows a mask image employed for the image 

data processing in the embodiment shown in FIG. 10; 
and 
FIG. 12 is a block diagram illustrating the image data 

processing by the digital image processing apparatus in 
accordance with another embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The embodiments of the present invention will be 
described in the following. The schematic structure of 
the digital image processing apparatus of the present 
invention comprises, as in the apparatus of FIG. 1, a 
host CPU 1, a control circuit 2 and various hardware 
circuits (image input circuit 3, image memory 4, pro 
cessing circuit 5, image output circuit 6, and so on). The 
control circuit is connected to the host CPU 1 through 
the host CPU bus 7 as well as to respective hardware 
circuits 3~6 through the control bus 8. Data can be 
transmitted between each of the hardware circuits 3~6 
through the image data bus 9. FIG. 6 shows an example 
of the structure of a control circuit employed in the 
digital image processing apparatus of the present inven 
tion. It is different from the control circuit 2 shown in 
FIG. 2 in the following points. Namely, a flag register 
28a is arranged which is set by a pulse generated on a 
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signal line 8F which is newly provided to the control 
bus 8, and the state of the new ?ag register 28a becomes 
available as a new jump condition J3 of the microin 
struction decoder 250. Accordingly, the microinstruc 
tion decoder 250 can decode a newly de?ned condi 
tional jump instruction employing the jump condition 
J3 and a microinstruction for resetting the new ?ag 
register 280. In the ?gure, the output M7 ofthe microin 
struction decoder 250 is a reset instruction decode sig 
nal of the new ?ag register 28a. Except for the above 
described difference, the control circuit 200 of FIG. 6 
includes all the functions of the control circuit 2 shown 
in FIG. 2, so that it can carry out all of the above de 
scribed control operations. Therefore, portions corre 
sponding to the control circuit 2 of FIG. 2 are denoted 
by the same reference numerals, with the description 
thereof omitted. 

Prior to the description of the control operation of 
the present embodiment, an example of a circuit struc 
ture capable of outputting determination of a result of 
arithmetic operation to a signal line 8F will be de 
scribed. 
FIG. 7 shows a circuit which counts the number of 

pixels of “0” level or “1” level of a binary image and 
outputs pulse on the signal line 8F when the counted 
number exceeds a certain set value. In the ?gure, the 
counter 10 is structured such that the count value CT is 
incremented by a count clock CK when a count permit 
ting signal CE is active. A microinstruction decoder 11 
decodes address portions 8A of microinstruction for the 
circuit. The data portions 8D of the microinstructions 
are latched in a condition register 12 in accordance with 
the decode signal d1, the data portion 8D of the micro 
instruction is loaded in the counter 10 as the initial value 
of the count in accordance with the decode signal d2, 
and the count value of the counter 10 is cleared to be 0 
in accordance with the decode signal d3. A buffer 13 is 
a tri-state buffer which outputs a carry output CR, 
which is generated when the count value of the counter 
10 reaches the maximum value, to the signal line 8F. 
The buffer 13 can transmit the carry output CR to the 
signal line 8F when a signal 11 outputted from the condi 
tion register 12 is active. A count permitting signal 
generating circuit 14 applies a binary data BD obtained 
from an image data bus C19 to the counter 10 as the 
count permitting signal CE when the signal 12 outputted 
from the condition register 12 is active, with the logic of 
the output signal inverted dependent on the state of the 
signal 13. An externally applied image data valid area 
signal VD prevents the count permitting signal CE 
from being rendered active out of the image area. A 
buffer 15 is a data buffer by means of which the host 
CPUl reads the count value CT of the counter 10 
through the host CPU bus 7. The data buffer 15 be 
comes an output enabled state by an output permitting 
signal EN generated when the address decoder 16 de 
codes an address corresponding to the buffer 15. 

In the following, an example of processing employing 
the control circuit 200 of FIG. 6 as well as the effective 
ness of the newly provided signal line 8F will be de 
scribed. 

EXAMPLE 4 

FIG. 8 illustrates the inputting state of an image to be 
processed. Referring to the ?gure, an object 32 is on a 
conveyer 33 to be transferred to the direction of the 
arrow with a TV camera 31 picking the object 32 up. 
On the side of the image processing apparatus, the 
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image signals obtained from the TV camera 31 are con 
verted into image data of an appropriate type through 
the image input circuit 3 to be outputted on the image 
data bus 9. The image data obtained is as shown in FIG. 
9, and the object 32 on the screen moves from left to 
right of the screen as the time passes. 
Now, let us consider a case in which the shape of the 

object 32 included in the image data of FIG. 9 is ana 
lyzed to obtain some pieces of information, as an exam 
ple of a de?nite processing on the image data obtained 
in the above described manner. Generally, the analyz 
ing process requires long period of time, so that the 
processing must be carried out with the moving object 
32 being always ?xed at a prescribed position of the 
screen. What is troublesome in the procedure is the 
determination of timing of sampling the input image 
data into the image memory 4 as a static image. More 
speci?cally, since the object 32 is moving, a portion of 
the object 32 of interest or the object 32 itself may 
possibly be out of the screen when the sampling is car 
ried out at random timing. ' 
An example of a structure of an image processing 

apparatus for solving the above described problem is 
shown in FIG. 10. In this example, the image input data 
is at ?rst outputted on the image data bus 9a as multiple 
value image data through the image input circuit 3. The 
image data on the image data bus 90 is turned into bi 
nary image data by a processing circuit ‘50 which carries 
out the binary converting process to be outputted on 
the image data bus 9b. The binary image data on the 
image data bus 9b is an image in which the object 32 on 
the screen moves from the left to the right of the screen 
as time passes. What should be done in this procedure is 
to write a static image in which the object 32 is ?xed at 
an appropriate position to the image memory 4b in 
preparation for the succeeding processes. For this pur 
pose, an image memory 40 is prepared, in which a mask 
image such as shown in FIG. 11 is stored. This mask 
image is outputted to the image data bus 9c, and an 
AND operation between the binary image and the mask 
image for the input image is carried out in the process 
ing circuit 5b. The output of the result of the operation 
is inputted to an area counter 108 through the image 
data bus 9d to count the area value. 

In the area counter 105 (see FIG. 7), a certain ?nite 
negative value is set in the counter 10 as an initial value. 
Since the signal 12 is set active, the count permitting 
signal CE becomes active every time a pixel of the logic 
“1” is inputted, whereby the counter 10 is incremented 
with the count value exceeds 0 to a positive value. 
When the count value changes from minus I to 0, a 
carry output CR is generated from the counter 10. Since 
the signal 11 is set active, a pulse is outputted through 
the tri—state buffer 13 to the signal line SF. 
The mask image stored in the image memory 40 is a 

binary image in which the logic “1” is set only in the 
region on the right side of the screen as shown in FIG. 
11. Therefore, the pixel of the logic “1” is not included 
in the output data from the processing circuit 5b until 
the object in the input image reaches the right side of 
the screen. More speci?cally, whether the object 32 
reached the prescribed position or not can be detected 
by counting the output data from the processing circuit 
5b to determine that the counted value is positive, 
whereby, the timing of writing into the image memory 
4b can be determined. On this occasion, the setting of 
the operation state must be changed from the object 
position detecting state to the writing state into the 

20 

25 

45 

50 

55 

60 

65 

14 
image memory 4b. The following list (IV) shows a 
microprogram for automatically changing the opera 
tion state. 

w 
ADDRESS MICRO INSTRUCTION 

0 our 3 -> 9a 
1 INF 9a -> 5a 
2 SET 5a, BINARY CONVERSION 

' 3 OUT 5a - 9b 

4 OUT 4a —, 9c 
5 INF 9b, 9c -» 5b 
6 SET 51>, AND 
7 OUT 5b _+ 9d 
8 INF 9d ——> 105 
9 LD 105. -1 
1o EOFR 
11 JPC 8F, 13 
12 JMP 9 
13 our 5a _. 9b 
14 IN? 9b _. 41> 
1s EOFR 
l6 IMRC 
17 EXIT 

The microinstructions in the list IV are the same as 
those employed in the lists I~ III. The instruction at the 
address 2 sets the processing circuit 50 at a binary pro 
cessing state, and the instruction at the address 6 sets the 
processing circuit 5b at an AND operation state. The 
instruction at the address 9 sets an initial value --l at the 
area counter 10S. Namely, when there is at least 1 pixel 
of the logic “1”, a pulse is outputted to the signal line 
8F. The instruction at the address 11 is a conditional . 
jump instruction with the generation of pulse on the 
signal line 8F in the proceeding frame being the condi 
tion. 
When the microprogram of the list IV is read starting 

from the address 0 onto the control bus 8 in accordance 
with a command from the host CPU 1, at ?rst the in 
structions at the addresses 0 to 10 are read in the ?rst 
frame to bring the state of detecting the position of the 
object 32. If the object 32 has already been in the right 
side of the screen in the ?rst frame, the area counter 105 
generates a pulse on the signal line 8F. In the second 
frame, the micro instructions are read starting from the 
address 11 and, at ?rst, whether the pulse is generated 
or not on the signal line 8F in the last frame is checked. 
If there was no pulse generated, the ?ow returns to the 
address 9 to continue the position detecting state for 1 
frame. There will be no pulse until the object 32 reaches 
the right side of the screen, and therefore a loop is 
formed from the address 9 to the address 12. If there 
was a pulse generated, the ?ow jumps from the address 
11 to the address 13 to escape from the loop, and the 
binary converted input image data obtained from the 
processing circuit 50 are written in the image memory 
4b through the image data bus 9b. In the succeeding 
frame, the microinstruction is read from the address 16, 
the input/output to and from the image memory 4b is 
prohibited by the IMRC instruction, and therefore the 
image data written in the last frame is ?xed. The reading 
of the microprogram is terminated by the ?nal EXIT 
instruction. 

If the counted value of the area counter 105 is read by 
the host CPU 1 and different microprograms are exe 
cuted in accordance with the value in order to realize 
the processing of the present example, there will be a 
time lag generated in changing the setting from the 
position detecting state to the image writing state, and 
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therefore, the input image can not be correctly sampled. 
However, in this embodiment, since the signal line 8F is 
provided, the conditional jump instruction with the 
constantly changing area value being the condition can 
be inserted into the micro instructions. Therefore, the 
setting can be changed corresponding to the change of 
the input image on real time. 

EXAMPLE 5 

In the following, an example of another use of the 
control circuit 200 shown in FIG. 6 will be described. 
In the above example, the change of the area value from 
0 to a certain positive value was the condition for 
switching the operation state. In this example, the 

_ change of the area value from a positive value to O is a 
condition for terminating the process, and a certain 
repeating process is automatically terminated. 

In the processes of pattern recognition or character 
recognition, the images to be processed are often con 
verted into line images in advance. The line image 
means an image constituted by segments having the line 
width of 1 pixel. The process to convert the input image 
to the line image is called a line image conversion. In the 
line image conversion, in the inputted binary image 
data, pixels which are apparently not the elements of the 
line image are successively erased from the outer side of 
the object and this process will be repeated. The neces 
sary number of repetition is changed in correspondence 
with the size and width of the object to be converted 
into a line image. In a conventional image processing 
apparatus, the number of repetition is set previously, 
and the conversion into line image is carried out for the 
set number of times. When the set number is small, some 
portions are left no perfectly converted into line images. 
Therefore, a relatively large number is set. Conse 
quently, the conventional manner has two problems. 
Namely, a long period of time is required for process 
ing, since extra repetition is required, and whether the 
conversion into line image is perfectly done or not can 
not be determined. 
FIG. 12 shows a structure of an image processing 

apparatus in which the conversion int line image can be 
stopped automatically by determining the end of the 
process without requiring setting of the number of repe 
tition. Referring to the ?gure, images to e processed 
which are converted into line images are stored in the 
image memory 4 at the start. As the process proceeds, 
the developments during the conversion into line image 
are successively stored therein. The processing circuit 
50 carries out the line image conversion on the data read 
from the image memory 4 and outputted onto the image 
data bus 90, with the result of conversion outputted to 
the image data bus 9b. The data are read from the image 
memory 4 to the image data bus 9a and the line image 
converted output on the image data bus 9b are written 
in the memory 4 simultaneously. More speci?cally, the 
data read from the image memory 4 are the result of 
conversion into the line image of the last frame, and the 
process proceeds frame by frame in this manner. The 
processing circuit 5b carries out the exclusive OR oper 
ation between the data resulting from the conversion of 
‘the last frame on the image data bus 9a and the data 
resulting from the conversion of the present frame on 
the image data bus 9b, the result of the operation is 
outputted to the image data bus 90 to be inputted to the 
area counter 108, where the number of pixels of por 
tions having different logics between two images is 
counted. During the process of conversion into line 
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image, the results of the process of two frames are dif 
ferent from each other, and therefore the counted value 
will be a ?nite positive value. If an initial value —1 is set 
in the area counter 108, a pulse is surely generated to 
the signal line 8F when 1 or more pixel is counted. 
When the line image conversion is completed, there will 
be no charge in the results of the process of successive 
2 frames, and the count value of the area counter 10S 
remains at the initial setting, so that there is no pulse 
outputted on the signal line 8F. In other words, 1 pulse 
is outputted per 1 frame on the signal line 8F during the 
process, and no pulse is outputted after the completion 
of the process. Determination of the end of the process 
can be detected in this manner. The microprogram for 
realizing this process is shown in the list V. 

_.LSTQ)_ 
ADDRESS MICRO INSTRUCTION 

0 JPC 8F, 2 
1 JMP l4 
2 OUT 4 —> 98 

4 SET 5a, LINE IMAGE 
CONVERSION 

5 OUT in —~ 9b 
6 INP 9b -> 4 

8 SET 5b, EXOR 
9 OUT 5b -> 9c 
10 INP 9c —> 105 
11 LD 105, — l 
12 EOFR 
l3 JMP 0 
l4 IMRC 
l5 EXIT 

In the above program, the instruction at the address 4 is 
a microinstruction setting the process circuit 50 at the 
line image converting state, and the instruction at the 
address 8 is a microinstruction setting the processing 
circuit 5b at the exclusive OR state. During the process, 
a loop from the address 0 to the address 13 is formed, 

' and the loop is repeated until the process is terminated. 
Whether the ?ow exits the loop or not is determined 
every frame at the address 0. When the line image con 
version is terminated in the second last frame, the result 
of the process of the second last frame and that of the 
last frame will be the same. In that case, the output from 
the processing circuit 5b which is the input data to the 
area counter 105 is ?xed at the logic “0”, no pulse is 
generated on the signal line 8F and the jump condition 
at the address 0 is not satis?ed. Therefore, the microin 
struction of the address 1 is executed to jump to the 
address 14 to exit the loop. At the address 14, the IMRC 
instruction is read, the input/output to and from the 
image memory 4 is prohibited, and the ?nal result of the 
line image conversion is ?xed in the image memory 4. 
The reading of the'microinstructions is terminated by 
the EXIT instruction at the next address 15. 
As described above, according to this example, there 

is no possibility of imperfect conversion into line im 
ages. In addition, the process can be automatically ter 
minated and line image conversion requiring no extra 
time period can be provided. 
Although various examples of use of the present in 

vention have been described with de?nite examples, the 
circuit outputting the pulse on the signal line SP is not 
limited to the circuit counting the area, and other cir 
cuits may be employed for this purpose. Two or more 
circuits may be provided. In that case, however, the 




